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Abstract

Previous studies of adherence to antiretroviral therapy (ART) for HIV among young injection drug users (IDU)
have been limited because financial barriers to care disproportionately affect youth, thus confounding results.
This study examines adherence among IDU in a unique setting where all medical care is provided free-of-charge.
From May 1996 to April 2008, we followed a prospective cohort of 545 HIV-positive IDU of 18 years of age or
older in Vancouver, Canada. Using generalized estimating equations (GEE), we studied the association between
age and adherence (obtaining ART ‡ 95% of the prescribed time), controlling for potential confounders. Using
Cox proportional hazards regression, we also studied the effect of age on time to viral load suppression ( < 500
copies per milliliter), and examined adherence as a mediating variable. Five hundred forty-five participants were
followed for a median of 23.8 months (interquartile range [IQR] = 8.5–91.6 months). Odds of adherence were
significantly lower among younger IDU (adjusted odds ratio [AOR] = 0.76 per 10 years younger; 95% confidence
interval [CI], 0.65–0.89). Younger IDU were also less likely to achieve viral load suppression (adjusted hazard
ratio [AHR] = 0.75 per 10 years younger; 95% CI, 0.64–0.88). Adding adherence to the model eliminated this
association with age, supporting the role of adherence as a mediating variable. Despite absence of financial
barriers, younger IDU remain less likely to adhere to ART, resulting in inferior viral load suppression. Inter-
ventions should carefully address the unique needs of young HIV-positive IDU.

Introduction

Outside Sub-Saharan Africa, a large proportion of new
HIV infections remain attributable to transmission by

injection drug use. The Joint United National Programme on
HIV/AIDS estimates that approximately one third of such
new infections are acquired by injection drug users (IDU),1

and in North America in particular, IDU represent approxi-
mately 1 in 5 new diagnoses of HIV infection.2,3 In some lo-
cations worldwide, most notably Eastern Europe and Central
Asia, the proportion of new HIV cases ascribed to injection
drug use approaches nearly two thirds.1

Concurrent injection drug use may also complicate suc-
cessful management of HIV infection. Early administration of
antiretroviral therapy (ART) has been shown to decrease ac-
quired immune deficiency syndrome (AIDS)-related oppor-

tunistic infections and improve survival,4 but ongoing
injection drug use appears to be linked to poor ART adherence
and rapid progression of HIV-related illness.5,6 Complete or
near-complete adherence is required to reliably suppress HIV
replication, and incomplete adherence may result in the rapid
emergence of antiretroviral resistance.7 Moreover, delivery of
care to HIV-infected IDU is often complicated by the unique
life circumstances of this population, who experience high
rates of homelessness, poverty, incarceration, and mental ill-
ness.8,9 For these reasons, clinicians and policymakers may be
inclined to assume that IDU are less likely to benefit from ART,
a finding substantiated by some studies.10–12 However, recent
studies have highlighted that the survival of HIV-positive IDU
is equivalent to that of their non-drug–using peers when ART
adherence is similar,13 and that they are no more likely than
non-IDU to develop antiretroviral resistance.14
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It is therefore imperative to identify the factors that make
certain IDU less likely to adhere to ART. In particular, it is
worth considering whether younger age impacts ART adher-
ence. Indeed, HIV infection is a clear risk factor for early
mortality among at-risk youth.15,16 When compared to older
IDU, younger IDU may demonstrate higher prevalence of
homelessness, of recent sex trade involvement and of incar-
ceration, and may also exhibit different (and often more in-
tense) patterns of illicit drug use and lower enrollment in
methadone maintenance therapy.17 Knowing how age impacts
adherence and subsequent viral load suppression could inform
policy development, resulting in programs that more effec-
tively target younger members of this vulnerable population.18

Because British Columbia, Canada, has a universally acces-
sible health care system and free provision of ART, it is a unique
setting to study adherence to ART. IDU in British Columbia
may obtain ART without user fees or copayments, and there-
fore analyses may be freer of the potentially confounding effect
of financial barriers to ART access. Studies conducted else-
where may be limited by the fact that younger IDU have fewer
financial resources available to them and therefore may be less
likely to afford a sustained supply of ART. The present study
aims to examine the association between age and adherence
among IDU, and to determine whether age ultimately affects
attainment of viral load suppression.

Materials and Methods

Study sample

Data were collected from the AIDS Care Cohort to Eval-
uate Access to Survival Services (ACCESS), a prospective
cohort study of HIV-positive IDU that has been described
previously.19,20 ACCESS was originally nested within the
larger Vancouver Injection Drug User Study (VIDUS).
Briefly, VIDUS participants have been recruited since May
1996 through self-referral and street-based outreach from
Vancouver’s Downtown Eastside neighborhood. Inclusion
criteria for VIDUS were injection of illicit drugs in the month
prior to study enrollment and residency in the Greater
Vancouver region. The ACCESS cohort is comprised of all
HIV-seropositive VIDUS participants (i.e., those that were
HIV-positive at study entry or who seroconverted during
follow-up). The sample in the present study was restricted to
all ACCESS participants for whom baseline laboratory data
were available (i.e., had CD4 + cell count and plasma viral
load measured within 12 months of recruitment).

At baseline and semiannually thereafter, participants com-
pleted an interviewer-administered questionnaire soliciting
sociodemographic data and information on drug use patterns.
At each of these visits, HIV antibody testing was performed.
All participants provided informed consent and were provided
$20 (CAD) remuneration at each visit. VIDUS and ACCESS
have been approved annually by the University of British
Columbia/Providence Health Care Research Ethics Board.

Outcome variables

The first of two analyses sought to examine factors associ-
ated with antiretroviral adherence, measured using pre-
scription refill compliance data.13,21 Adherence over the
preceding 6 months was defined as the ratio of the number of
days that ART was dispensed relative to the total number of

days during the prior 6 months.13,21 Consistent with previous
analyses, this ratio was dichotomized to 95% or more versus
less than 95%.19,22–24 In British Columbia, all provision of ART
is centralized through a province-wide antiretroviral dispen-
sation program. Confidential linkage of records from this
program to the ACCESS database allowed for accurate de-
termination of adherence.13,25 Even if participants missed a
study follow-up appointment, it was still possible to ascertain
this variable from the centralized database. The second of the
two analyses examined the outcome of time to HIV-1 RNA
suppression, defined as having achieved plasma levels of less
than 500 copies per milliliter during study follow-up. Since
less than 500 copies per milliliter was the lower limit of de-
tection for the plasma viral load assay for the early years of the
study, we used this cut-off for the entire study period.

Explanatory variables

The primary explanatory variable considered in both ana-
lyses was age in years at time of enrollment, which was treated
as a continuous variable for analyses except where otherwise
indicated. Other time-varying, independent variables consid-
ered in multivariate analyses included male gender (yes versus
no); Aboriginal ancestry (yes versus no); partnered relationship
status (married, common law or single, regular partner versus
single or dating); high school education (having completed
high school versus not ever having completed high school);
homelessness in the last 6 months (yes versus no); incarceration
in the last 6 months (yes versus no); sex trade involvement in
the last 6 months (having traded sex for money, drugs, shelter
or gifts versus not having traded sex); daily alcohol consump-
tion in the last 6 months (yes versus no); daily crack use (yes
versus no); daily cocaine use in the last 6 months (yes versus
no); daily heroin use in the last 6 months (yes versus no); daily
crystal methamphetamine use in the last 6 months (yes versus
no); nonfatal overdose in the last 6 months (yes versus no); use
of outreach services in the last 6 months (use of Alcoholics’
and/or Narcotics’ Anonymous, outreach worker, street nurse,
health van, food bank, drop-in center, or supervised injection
site versus no use of any of these services); and enrollment in
drug treatment including methadone maintenance therapy in
the last 6 months (yes versus no). Less than daily frequency of
use of alcohol and drugs was explored as possibly influential
on adherence to ART. However, preliminary analyses revealed
that the vast majority of participants had at least weekly use of
many substances; therefore, greater specificity of frequent
substance use was felt to have been attained with a cutoff of
daily use of these substances, as in previous analyses.17

Effect of age on adherence to ART

In our first analysis, which focused on adherence as an
outcome, we examined bivariate relationships between ad-
herence and the explanatory variables listed above in a series
of bivariate generalized estimating equations (GEE). In order
to adjust for possible confounders in subsequent multivariate
analyses, we employed a variable selection process described
previously.26 For a variable to have been considered a con-
founder of the relationship between age and adherence, it had
to be associated with both variables and not be in the causal
pathway between the two variables. We employed a conser-
vative p value cutoff £ 0.20 to determine which candidate
variables were associated with adherence in the bivariate
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GEE analyses described above. We then included all these
variables in a ‘‘full’’ multivariate model (using multiple lo-
gistic regression) and, in a stepwise manner, removed all
variables that did not change the coefficient for the effect of
age on adherence by at least 5%. Remaining variables were
considered confounders and were included in all subsequent
multivariate analyses (including those in which viral load
suppression was the outcome variable of interest).

In addition, baseline CD4 + cell count (as a continuous var-
iable, in cells/lL) and baseline plasma viral load (as a contin-
uous variable, in log10[number of copies per milliliter]) were
forced into all analyses in order to control for eligibility for
ART. This was done because distribution of ART in the prov-
ince of British Columbia and elsewhere has traditionally been
based on CD4 cell count and plasma HIV RNA levels,27 and
since these levels have changed over time, it was appropriate to
adjust for these values.44 Once additional sociodemographic
and drug use-related confounders were identified, we used
GEE to examine the effect of age on adherence, including the
selected and forced variables in the multivariate model.

Effect of age on viral load suppression
and mediation by adherence

For the second analysis, we sought to identify the rela-
tionship between age and viral load suppression while on
ART, and more specifically, whether adherence explained any
relationship between these two variables. (Stated differently,
we were interested in determining whether adherence was a
mediating variable in the relationship between age and viral
load suppression.) To do so, we employed Cox proportional
hazards regression with time to attainment of viral load

suppression as the primary outcome of interest. Explanatory
variables again included age as well as baseline CD4 + cell
count and baseline plasma HIV RNA to control for ART eli-
gibility. This analysis was limited to participants who initi-
ated ART during the observation period (i.e., it did not
include participants who were already on ART at the time of
enrollment), with time ‘‘zero’’ defined as the date of ART
initiation. Finally, to examine whether adherence mediated
the effect of age on viral load suppression, we ran an addi-
tional Cox proportional hazards regression model in which
the adherence variable was added and examined whether the
age variable maintained its statistical significance.28,29

Finally, a Kaplan-Meier survival curve was for time to viral
load suppression, with age dichotomized to 29 years or
younger versus older than 29 years. A sensitivity analysis was
conducted in preliminary data analyses that revealed sub-
stantial differences in adherence among those 29 years or
younger when compared to those older than 29 years with
relatively comparable adherence among members within
these two separate groups. As such, little data were felt to be
lost by combining youth 29 years or younger together and
adults older than 29 years together.

We performed all statistical analyses using SAS version 9.1
(SAS Institute, Inc, Cary, NC). All reported p values are two-
sided and considered significant at p < 0.05.

Results

From May 1996 to April 2008, 545 ACCESS participants
met inclusion criteria for the present analysis and provided a
median of 23.8 months (interquartile range [IQR], 8.5–91.6
months) of prospective follow-up. Median age of eligible

Table 1. Baseline Sociodemographic Characteristics and Substance

Use Behaviors Among HIV-Positive IDU, Stratified by Age

Age

Total (%) £ 29 yrs (%) > 29 yrs (%)
Characteristic (n = 545) (n = 107) (n = 438)

p
Value

Sociodemographic factors
Male gender 341 (62.6) 42 (39.3) 299 (68.3) < 0.001
Aboriginal ancestry 185 (33.9) 45 (42.1) 140 (32.0) 0.048
In relationshipa 143 (26.2) 19 (17.8) 124 (28.3) 0.026
Completed high school 76 (13.9) 22 (20.6) 54 (12.3) 0.028
Recently homelessb 143 (26.2) 35 (32.7) 108 (24.7) 0.090
Recently incarceratedb 137 (25.1) 31 (29.0) 106 (24.2) 0.308
Sex trade involvementb 135 (24.8) 58 (54.2) 77 (17.6) < 0.001

Substance use behaviorsb

Daily alcohol use 68 (12.5) 15 (14.0) 53 (12.1) 0.590
Daily crack use 132 (24.2) 24 (22.4) 108 (24.7) 0.630
Daily cocaine use 192 (35.2) 49 (45.8) 143 (32.7) 0.011
Daily heroin use 152 (27.9) 45 (42.1) 107 (24.4) < 0.001
Daily crystal meth injection 169 (31.0) 24 (22.4) 145 (33.1) 0.032
Recently overdosedb 75 (13.8) 23 (21.5) 52 (11.9) 0.010
Use of outreach servicesc 516 (94.7) 98 (91.6) 418 (95.4) 0.112
Enrolled in drug treatment

(including methadone maintenance therapy)b
330 (60.6) 72 (67.3) 258 (58.9) 0.112

aIs legally married, is in common law relationship, or has a regular partner.
bDenotes behaviors during 6 months prior to baseline interview.
cIncludes use of Alcoholics’ and/or Narcotics’ Anonymous, outreach worker, street nurse, health van, food bank, drop-in center, or

supervised injection site.
IDU, injection drug user.
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participants was 37.2 years (IQR, 31.1–43.6 years). At baseline,
195 (35.8%) of participants were already on ART. Of these, 66
(33.8%) discontinued ART during the follow-up period. Of the
350 who were not on ART at baseline, 211 (60.3%) initiated
ART during follow-up. Table 1 demonstrates baseline char-
acteristics of the study sample stratified by age. (Although age
is treated as a continuous variable throughout the present
study, it is presented in Table 1 as a dichotomized variable, 29
years or younger versus older than 29 years at ART initiation,
for ease of interpretation.) Median baseline CD4 + cell count
among those aged 29 years or less was 380 cells per microliter
(IQR, 260–540 cells per microliter) and among those older
than 29 years was 330 cells per microliter (IQR, 200–480 cells
per microliter; p = 0.004, Wilcoxon rank sum test). Median
baseline viral load among those 29 years or younger was
33,000 copies per milliliter (IQR, 5500–83,000 copies per mil-
liliter) and among those older than 29 years was 13,000 copies
per milliliter (IQR, 359–61,600; p < 0.001).

There were 1186 (26.6%) periods in which individuals were
more than 95% adherent of 4460 total observations. Of these
periods of adherence, 222 observations (18.7%) were by par-
ticipants 29 years of age or younger, and 964 (81.3%) were by
participants older than 29 years. Table 2 compares socio-
demographic and recent substance use behaviors associated
with adherence to ART as obtained from univariate GEE an-
alyses. All variables significant at p < 0.20 were eligible for
inclusion in subsequent multivariate modeling using the

variable selection process outlined in the Methods section.
Gender was not included in the final multivariate model.
Importantly, no outreach service (i.e., use of Alcoholics’ and/
or Narcotics’ Anonymous, outreach worker, street nurse,
health van, food bank, or drop-in center) was associated with
increased likelihood of adhering to ART, and therefore were
also not included in the final multivariate model. Ultimately,
the only variable that independently altered the effect of age
on adherence by 5% or more using the variable selection
process outlined in the Methods section was sex trade in-
volvement in the last six months.

Once age and recent sex trade involvement were included
in multivariate GEE analysis and were controlled for baseline
ART eligibility, their respective adjusted odds ratios (AORs)
were 0.76 per 10 years younger (95% CI, 0.65–0.89; p < 0.001)
and 0.52 (95% CI, 0.38–0.71; p < 0.001).

Table 3 illustrates the results of the Cox proportional haz-
ards regression model examining the effect of age on plasma
HIV RNA. As outlined in the table, the model that included
age as an explanatory variable (additionally controlled for
ART eligibility) revealed a strongly statistically significant
effect of age on viral load suppression, with older IDU dem-
onstrating greater likelihood of obtaining viral load sup-
pression relative to younger IDU. However, in the next
model, when adherence was included as an additional ex-
planatory variable, this effect of age was no longer statistically
significant, strongly indicating that the effect of age on viral
load suppression was mediated by adherence.28,29 To confirm
this, a Sobel test was performed to test for mediation, which
was significant (Sobel statistic, 3.08; p = 0.002).30

Figure 1 demonstrates a Kaplan-Meier curve in which age
was dichotomized to 29 years or less and more than 29 years
with the outcome of viral load suppression. Log-rank test was
not significant for a difference in time to viral load suppres-
sion when age was dichotomized in this fashion ( p = 0.099).

Discussion

In this prospective cohort study, we observed poorer ad-
herence and attainment of viral load suppression among
young IDU compared to their older counterparts. Our results
are unique because they are conducted in the setting of uni-
versal health care, where all medical care, including provision
of HIV-related care and ART, is delivered free of charge. In
studies of non-drug–using adults, younger age has been as-
sociated with poorer adherence to ART,18 a finding that has

Table 2. Sociodemographic Characteristics

and Recent Substance Use Behaviors Associated

with Adherence to ART Among HIV-Positive

IDU in Univariate GEE Analysis

Characteristic
Crude odds ratio,

OR (95% CI)
p

Value

Sociodemographic factors
Age (per 10 years younger) 0.56 (0.48–0.65) < 0.001
Male gender 1.46 (1.11–1.91) 0.006
Aboriginal ancestry 0.97 (0.74–1.28) 0.841
In relationshipa 0.98 (0.82–1.17) 0.800
Completed high school 1.79 (1.18–2.73) 0.007
Recently homelessb 0.63 (0.51–0.77) < 0.001
Ever incarcerated 0.69 (0.58–0.81) < 0.001
Sex trade involvement 0.52 (0.41–0.67) < 0.001

Substance use behaviorsb

Daily alcohol use 0.64 (0.47–0.86) 0.004
Daily crack use 0.94 (0.78–1.13) 0.509
Daily cocaine use 0.48 (0.40–0.57) < 0.001
Daily heroin use 0.38 (0.30–0.48) < 0.001
Daily crystal meth use 0.71 (0.44–1.14) 0.152
Overdosed 0.61 (0.46–0.81) < 0.001
Use of outreach servicesc 1.11 (0.87–1.40) 0.405
Enrolled in drug treatment

(including methadone
maintenance therapy)

1.50 (1.26–1.79) < 0.001

aIs legally married, is in common law relationship, or has a regular
partner.

bDenotes during preceding 6 months.
cIncludes use of Alcoholics’ and/or Narcotics’ Anonymous,

outreach worker, street nurse, health van, food bank, drop-in center,
or supervised injection site.

ART, antiretroviral therapy; IDU, injection drug user; GEE,
generalized estimating equations; CI, confidence interval.

Table 3. Adjusted
a

Hazard Ratios Highlighting

the Effect of Age (per 10 Years Younger) on Time

to Viral Load Suppression in Cox Proportional

Hazards Regression Models

Model HR (95% CI) p Value

Effect of age, without adherence
(mediator) variable included

0.75 (0.64–0.88) < 0.001

Effect of age, including
adherence (mediator) variableb

0.85 (0.72–1.01) 0.06

aAdditionally adjusted for baseline CD4 + count (AHR, 0.90 for
each increase of 100 cells per microliter; 95% CI, 0.84–0.97 in model
with adherence) and viral load (AHR, 0.55 for each log10 decrease in
counts per milliliter; 95% CI, 0.44–0.69 in model with adherence).

bSobel test for mediation: statistic, 3.08; p = 0.002.
HR, hazard ratio; CI, confidence interval.
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been replicated in HIV-infected IDU populations.31,32 How-
ever, to our knowledge, our study represents the first to have
examined this association in a setting in which ART is provided
in a public health care system without any copayments or other
financial prerequisites. It is particularly important to consider
such barriers when considering the effect of age on adherence,
since, in general, young adult patients may have fewer finan-
cial resources available to them than older patients.33,34 In
settings where medical care is not universally available, it
would be reasonable to hypothesize that younger IDU may be
less likely to continue ART because they cannot afford their
medical visits or their medication copayments. Although our
participants may face additional barriers related to personal
finances (e.g., lack of transportation to medical appointments
or to the pharmacy), we believe that, in general, financial bar-
riers are substantially reduced for our participants.

Given that young age remained strongly linked with poor
adherence in our sample despite such barriers being minimal,
it is important to consider non-economic reasons for lower
adherence among younger IDU. Aboriginal ethnicity, which in
another similar study was marginally associated with in-
creased time to HIV care,35 was associated with younger age in
our study, but not with poor adherence to ART. An important
finding in our study was that younger age was, in univariate
analyses, associated with a unique set of other sociodemo-
graphic characteristics and risk-taking behaviors, such as
homelessness, incarceration, and use of crystal methamphet-
amine. These findings are consistent with other studies of in-
jection drug users showing that younger age is correlated with
increased prevalence of risk-taking behavior.34,36,37 Because
increased prevalence of such risk-taking behaviors were ad-
ditionally associated with poor adherence in univariate ana-
lyses in our study, it appears that the young people in our
study were dually less likely to adhere to ART regimens and
more likely to engage in risk behaviors, a finding replicated
elsewhere.38 The same association also appears to apply to
those with recent sex trade involvement in our study, who
were independently more likely to demonstrate poor adher-
ence. Taken together, these findings may suggest common,

underlying psychological profile among some of the youth in
our study, that is, youth willing to engage in greater risk-
taking with regard to drug use and sexual behaviors may also
be more likely to assume the risks of poor HIV medication
compliance.39 Indeed, impulsivity appears to be an important
risk factor for poor ART adherence among HIV-positive youth
elsewhere.40 If this is indeed true, it highlights a need for
specially tailored interventions that address the special emo-
tional and developmental concerns of younger IDU.41

Similarly, it may be that younger IDU are more difficult to
engage in effective medical care. Interestingly, among main-
stream patients accessing primary care in the United King-
dom, another setting providing universal medical care,
younger patients were less likely to perceive that the care they
received was of high quality.42 If this principle can be gener-
alized to IDU populations, it may be that young IDU are less
likely to have a favorable view of their HIV-related care, and
are therefore less likely to adhere to ART. Indeed, among pa-
tients living with HIV, patients reporting better engagement
with their health care provider also report improved adher-
ence to ART and to provider advice when compared to those
with poorer engagement.43 Again, these findings suggest that
attempts to improve ART among younger IDU may require
special consideration of the unique health care needs of
younger individuals living with a chronic disease such as HIV.

This study has several limitations. First, because ACCESS is
an observational cohort, the potential effect of unmeasured
confounders must be considered when interpreting the effect
of age on adherence. Still, our analysis included a substantial
array of explanatory variables and we used a relatively liberal
approach to variable selection in our multivariate models.26

Second, because adherence was defined in our study using
prescription refill compliance, it is important to consider that
IDU in our study may have been filling prescriptions but not
necessarily taking ART exactly as prescribed. However, the
measure of adherence used in this study has previously been
shown to predict virologic suppression,23 CD4 + cell count
response,44 and survival,13,21 and therefore is likely to be a
clinically significant marker of ART effectiveness.

FIG. 1. Kaplan-Meier curves for time to
viral load suppression ( < 500 copies per
milliliter) after starting antiretroviral ther-
apy (ART) for first 12 months of study
follow-up (n = 267).
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Third, in interpreting our results, it is important to consider
that during the 12-year study period, there were likely to have
been several secular trends that may have affected adherence
across the cohort. For example, ART regimens have been
vastly simplified in recent years to reduce the number of pills
an individual must take, a fact that has resulted in improved
adherence among at-risk populations.45 Although it is likely
that the earlier complexity of ART regimens universally af-
fected adherence among all IDU, it is possible that these reg-
imens disproportionately affected adherence among younger
compared to older IDU. Fourth, our study drew on some self-
reported information, and given the sensitive nature of many
questions, there may have been some degree of socially de-
sirable reporting among the youth interviewed, even despite
our efforts to assure confidentiality and build trust with all
participants.46 The effect of this would be to underestimate the
true prevalence of some of the risk behaviors examined.

This study adds new knowledge to the literature on pro-
vision of HIV care by delineating the lower likelihood of
younger IDU and those engaged in sex work to adhere to ART
and to obtain viral load suppression. In particular, our work is
unique among studies because it demonstrates this poor ad-
herence in the setting of universal health care and free pro-
vision of ART, and therefore these results are less likely to be
confounded by the financial barriers to obtaining ART that
IDU may encounter in other settings. Although it is increas-
ingly becoming apparent that IDU, like their non-drug-using
peers, greatly benefit from access to ART,13 it is clear that IDU
represent a heterogeneous population with differential ad-
herence despite universal availability of ART. Although ex-
panding services to aid all IDU in adhering to ART is merited,
our findings suggest that in redoubling efforts to do so, pol-
icymakers might heed the apparent vulnerability of young
IDU and sex workers to even poorer rates of adherence than
their other injecting peers.
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